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Abstract. The need for applicstion of  system
expariise o Te-Chpineer
processes has become  increasingly

In order to provide a wnhied approach

cugineermy review  and
istitutional
apparent

which can be used on any process, a synthesis of

cuucnt system cnpinccring approaches has been
developed Wheno combined  with Total - Quality
Management  principles,  this  approach  is called
Process  Engineering and  Development  using,
Customer Focused Object Oriented Design (PEFD-
CrOOD).

Over the Jast few  vears, Sofiwae  Svstem

Fngincering, (S/WSE) principles have evolved towards
an  bxoteie  Paspective  (BF) 0 descibed by
(McMenamin 1987). That is, examining systeins fromn
the point of view of the exteral world in which the
svstern is embedded and determining what flows into
and oul of the system FP has two problems with it
thougeh

First, usually  nmltiple
parspectives that can be adopted. The current solution
is to try to examine the system from as many as timnc
will allow, and then settle on the one that scems the
TOM, on the other hand, provides
us with a sugpestion as to which mght be mmost
appropriate, namcly, the viewpoint (focus) of the
Custoner,

Sceond, it does not provide  a conceptual
frmmework for process o product design. Object
onicnted  development concepts provide  that
framcwork

This paper provides a gencral description of this
approach, and ilustiates how the approach might be
used in praclice.

theie  are exicinal

most appropralg.

. INTRODUCT

The 1ecent  cmphasis  on re-engincering, of
processes has suficred from the lack of a well-defined
nmicthodology (Hamwmer ¢t al. 1993).

7 DEFINITI
Beiore defiming CEOOD, several  underbving
concepts st be defined, leading up to “Process”
(See Frgmre )
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Procedures. A proccdure consists of a set of one o
more siops, a time segreence of the steps, if needed, a
definion of miateriols vsed in cach step, and supplicrs
of matenals, which produces one o1 more products {or
onc o1 e customers. For example, a procedure way
cover transpore of material from place to place,
purchace of matenial. an employee  parfonmance
evaluation, gencration of 4 managcment 1cpoid, cle,
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antomiied o manual).  Mathanatically, it s a
transform which takes in material in one form and

produce s matenal in the saome or another form

Ordering. A thne sequence is an ordering, to establish
which steps (predecessors)y have outputs which are




products, thisis tiivially If thete is no overlap
between products aud customers (i e, no occarences
of multiple ¢ v gtomers rteceiving the sa me product)
cach customer should be considered sepavately, unless
the product matenals detived i steps 2 and 3 have
substantial (>50%) overlap, 77 hen the costomers
should be weighted intenis of thehrimportance (to the
extent possible.)  Ar 1 casy pariition is that customers
wh o provide funding should be weighted i the ord ¢
o f their contiibutions, with non-funders bringing up
the botiom Then, o vitiual costomer should  be
defined as the s of the preducts for customers
above somce breukpoint (¢ g 1l 3 custor ne 1s provide
80% of the funding, the 1est con be elimmated fiom
innmediate consideration ). 1f no suchiweighting and
cwtofT can be defin ed, a viral customer car 1 bie
defhined as the recciver of all vnique products

2. Decompose productsinto materials (phiysical and
information). This decotposition can be mualti-fey ¢,
although if more thiomthireelevels of decompasition is
requited, the 1¢171-1ever product can and should be
broken down into multiple products along any handy
logical division  This should not be a concern, as the
products will be re-hnteprated throu gh the followmg
analysis, if it miakessensetodo scr. Otharwise, the
product should have been brokenaparl anyway.

3. Determinc overlap. Deternmine oveddap of products
based on the matenial decomposition Sowe products
may have a preat deal of overlap, which niak es them a
candidate forconsolidation of their processing “1 his is
particulatly true of information materia Is, bot can
apply to physical matetials a5 well If no overlap
exists, either decor npose matenals further, or consider
d oy clopment of separate processes for cacl 1 disjoint
product

4, Paxamine potential Supplicrs. Examine potential
Supplicts for directly 1eccived (pass  through) o1
detivable matenials, Remember, delivpion caninclude
persistent matenals that, once received, ¢an be used
repetitively o derive ot ier materials. (1 g, a databa sc
that is used lopenciatercports, a  sct of models that
canbe applied, ctc. )

5. Colleet common and 3 ¢l wed mater ials. Coll ¢t
common and 1clated mat crials 1 (1 establish product
matciial ta xonomy. (Beware o the tendency to collect
evarything  topether, duc to smll o1 superficial
overlaps in products’ mat crial s, Rank matenals in
order of their importance to the product, i c., which
are the materials, i, if 1emoved, would mak ¢ the
product of Iitle o1 110 valuc to the eastome, and use
only the highest ranking matenals o determine the
overlap and corresponding collections )

6. De-scope products Fliminate matenials (hat cannot
be sopplicd. (De-scope products.) Otherwise, internal
supplicts (other processes) must be created to provide
the marcrials,

7. Esteblish steps. Birenkdown all d crivations to a sct
of steps. Steps are chavac terized as cither:

mivhnal - for physical tansfotmations,

avtomated - forinformation ttansformations (can
also be manu 11, but tad es eflicicney for case O f
implementation 1. . manual p rocedures hive no
softwarcdevelopiienteosts), ot

crstodial - [or persistent materi als.  May be
automited or manuial depending on the material

Allow onesiep I, pass-through of information o
transport of physical mntenal

8. Ord er steps. Dev clop procedures by determining,
th ¢ ordening, of the steps “1 hencollectinto sets those
scquentiadsicpsthatane  conn ected (0 c's notrely on
any other set of steps except for input) aad disjoint
(does not both colect input from and provide output to
any othicr set of steps )

9. Object Or dentation  The process can now be
object oriented by collecting tog ethierall steprs, which
act o the sa e ¢ lass of matctials, o an objeat,
Fach<uchstep (tumsionm) then becomes a method OF
the object The proce ss procedures can then be vsed (o
defiue the messages sent to each object and the
sequence in which thev occur, Thie advantage of this
appoach is that thcobjects com be clissified situilinly
to the material, N\ ith laghe (o1 lowen) Tevel object
classe. inher iting methods from lower (or highen)
level objects, based on 1clevance.  An o additional
advana ge is the number of object aricited design
techuiques .such as Booch Diagrams (Booch 1991),
Rumb awgh’s Object Maodcling Techmique  (OMT)
(Runibiaugh ¢ al 199 1) and Coad & Yourdan’s Class
and Onjectdisgrams(Coadetal 1 991)

4. EXAMPLY -1 BEENGINFERING ‘17001
SERVICE

c1ohis exa waple iy from a cunent design effort
utiderway at JPL The poal is o provide a process for
} omgincers that will allow them (o acquite and usce
come ercial- off-the shell (( 7 () 1'S) softwate tools
efhiciently and cconomically, JPE has a very effhicient
process for purchasing individual COTS packages that
was @ cveloped ove 3 the past two years called the Just
in-tiiee System 1 Jowever, this system does not
provicle the cconomics of scale that cau be obtained
throush bulk pur chiases ot floating Jicenses. 1t also




as a supplicr for some materials, and the supplias to
appearas customets for put ¢1-  Lhis indicates thatthis
is a clatively  complex Complete
decomposition 1eveals that a “supplicr” of the 0y rerall
process Gty be a ” cust omer™ of onc of s Sul,
p rocesses, and vice versa

11 is important, andiclativelyobviouos, thatonc not
lose sightofl the fact that, in this case, the engincers
are the true custom ers, Diftical ties frequently occur in
real life whien anindividual o1 depariment shifts theh
focus fromthe “true” customer to the individuals o1
processes who may apporcar to be a customer for their
matenals.

process.

S, Colleet common and related materials. The
1 icense and Notice  of purchase  confinmation are
related in that assigmiment of a license nuber (scrial
mount e is thenecessary assurance that theengincer
has successfully purchased and will be provided with
access to the Tool in question. Thic license nomba
may be requined f o r scrvicing o f help requests
regarding specific (()’1°.S Tools

Vicense upgades are related to existing licenscs.

Help Request Roesponses are 1elated o Help
Requests,

Tool Requests are linked 1o Account numbers,
sin ¢¢ nothing d cion strates sincerity as much as an
oftcr of funds

Provide

Existing lLicense
funding (Acclt #)
Holp Reqguests
infermation Requests

-

,,,,,,, . M 1.0

t ngincers

6. De-scope products, Not applicable inthis scenario,
Somc mechanisim (existing o1 new) i s requited to
producc all the products identified for the process to be
uscful,

7. Est ablish steps. 1o ondar o establish the steps
neeessry o ttamsform th ¢ supplicd matenal into
products, it is necessary to decompose the overall
process inte its  constituent proced  wies. This
(ce-cliln,c)siticht 18 Husuatedinthe following Fi gures
1o 6, starting, with the top level and ending with one of
the processes (1elpy Process) being divided into thice
procedures,

Figure ¢/ illustates one of th ¢ Help Process
proccdures bioker v down into steps. tach of the
procedures within this process will requi te a simila
tr catineal, as will the procedures that make up the
othier processes show nin the previous fipures,

Note that at thiclevel Of detail, additionalaspects
of the product produced (c. g
Reques)) have been ddentified
“1esponses from FAQT, “responses from experts™, and
“1e fened to Vendor™ This sty results in an update
of the listof product categor ization s, and shoul d bie

i< Lr110nsc to Help
Thete ae now

expected to occw moony real world process defiition
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Figwe 7. Receive Request Procedure breakdown by steps

8. Order steps. In Figure 7, the steps an ¢ illustiated in
one possible order.  Another possible order would be
to not log, the 1equest o1 the 1esponse until it is known
whether or not a “trouble ticket” will be assigned In
this casc, the decision was made to assure that the Jogs
arc as currentas possivle atall titnes,

If a sequence of steps has diflerent possible
orderings(asthe exa niple does), it is ilmportant to have
a co mpl cte understanding of why a particular ordel
was selected over another. Hidden assumptions can
then be brought to light and examined for other
impacts.

Tn the example above, the decision that the Jogs
must be kept cutr ent was motivated by the needs O f
anothicr process, in this case, a process for wcasuting
the effectivencss of the Help Process. This metric
process requites infor mation on t nh e e between
receipt of helplequests and neip 1esponscs. Lopging,
the 1equest at the time of the response would eliminate
the uscful information While mectiic otiented
processes are not the only owtside influences that can
cffect ordering, they are likely to be dependetygon th ¢
ordaing  Of steps in procedures  that  they  arce
measuring,  and  thacfore  should be  explicitly
considered ar his time.

9. Object Orientation. 1t is now cleatthat thete is a
preat deal of overlap between the steps for handling

Finail and Phonie Help Requests, Classification of the
steps as antomated o1 annal can now be revisited to
scc if any changes arcinotder. Detailed examination
of the materials passed between steps reveals that
(apart from 1eceiving the physical phone call and
providing a physical phionc response) all the material
can b categotized  as  information, Therefore,
provided that the information car be converted from
the initial phone ¢ll and wltimately converted to a
phone response, the remainder o ¢ the sleps can
mobably be autonated

For example, the mamal logging of request might
be dmplemented as a usa interaction object  that
conununicates with the automated logging  object
Onccavspeculatethat cventually it may be possible to
have an object with speech recognition and voice
synthesis capabilitics y cccive the phone call, although
this is notalikely ncar term implementation.

Oune likely exception is a manual look-up process
necessay  when a1 1 Toail request cannot be
autonatically pamscd  Given the difficulties associated
withnatural language patseis, this step is probably the
most chllenging 1o sutomate.

Onc ¢ the classification of the steps has been
fimed up, it now ramains to determine if juultiple
steps  1opresent the equivalent of different methods
beiag applied to the same object. In this example, the
“lopging” of the request and associated 1esponse is a



